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@ Suspension-type agrochemlcal formulation. 

@ Suspension-type agrochemlcal formulations prepared by 
dispersing fine (e.g. 20 urn or less) particles of a hydrophobic 
solid agrochemlcal in an aqueous medium, wherein the 
dispersion Is achieved with a surfactant and a water-immlsclble 
solvent in which the agrochemlcal is highly soluble, the solvent 
being used in an amount smaller than that necessary to dissolve 
the agrochemical completely. Even agrochemlcaJs having a 
melting point lower than 100°C can be formulated into the 
formulations. 
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Description 

QtiRPFM.qiON-TYPE AGROCHEM1CAL FORMULATION 
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solvent accelerates crystal growth of the agrochemical ^erefore as ^snown m p 

agVochemical of a lower. melting point stably over a long period of time dispersing fine 

P f It h^hlr thLn inn*r fhereinafter referred to as agrochemicals of high melting point). 
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thoxymethyljacetanilide (mp 40-41°C. 240ppm). 1-(a,a-dimethylbenzyl)^3-methylphenylurea (mp 73 C 277 
ppr^ 3^ < m P 9 °- 94 ° C ' 75 PP m '' S-O^dichlorophenyll-I 1-di- 

Sylurea (mp 158-159X. 18ppm). 2,6-dichlorobenzonitrile (mp 145-146*C, 42ppm), ^'odo^oc^noy- 
loxybenzonitrlie (mp 59-60°C. insoluble), a ,a,a-trifluoro-2,6-dinitro-N.N-dlpropyl-para-toluldine (mp 45-48 C, 
insoluble) N-butyl-N-ethyi^.a,a-trifluoro-2^ < m P 45-48 C insoluble), 

N-butyl-N^thyl^ka4rifluoro-2 1 6-dinitro.para- toluidine (mp 64-65°C, insoluble), and : 3-(5-t-butyWsoxazo- 
lvi)-1 1-dimethyiurea (mp 106-1 15°C, 300 ppm); fungicides such as, e.g., dilsopropyI-1,3-dithiolan : 2-ylldene 
malonate (mp 50-54.5°C, 48ppm), and tetrachlorolsophthalonitrlle mp 250-251°C, 0.6ppm); Insecticides such 
as dimethylethylsulfinyl isopropylthiophosphate (mp 36°C, insoluble). m-tolyl-N-methylcarbamate (mp 
74-75°C, 0.260/0), 3-diethoxyphosphorylthiomethyl-6-chlorobenzoxazolone (mp 48° C, 10ppm), and methyl 
isothiocyanate (mp 35-36°C, 0.760/o), for example, and other agricultural biocides. 

In milling hydrophobic solid agrochemicais into fine particles, a mixer or homogenizer, and If necessary, 
colloid mill attrition mill, sand grinder, or the like may be employed. The average size of the hydrophllic fine 
particles is generally smaller than about 20um, more preferably smaller than about Sum, and most preferably 
smaller than about 1uxn. . ' LL . 

The water-immiscible solvents in which the hydrophobic agrochemicai is highly soluble include 
hydrocarbons such as cyclohexane, benzene, toluene, xylene and ethylbenzene, for example; halogenated 
hydrocarbons such as dichloromethane, chloroform, carbon tetrachloride and chlorobenzene, for example; 
C6-C12 alkyl alcohols such as n-hexyl alcohol, n-octyl alcohol and n-decyl alcohol, for example; ethers such as 
propyl ether, n-butyl ether, methyl phenyl ether and ethyl phenyl ether for . example; ketones such bs 
acetophenone, cyciophenone, cyclohexanone and isophorone. for example; esters such as methyl acetate, 
ethyl acetate, methyl benzoate and ethyl benzoate, for example; fatty acids such as oleic acid, for example; 
and aromatic hydrocarbons having a nitrogen atom in a substituent group such as nitrobenzene and aniline, 
for example: from the listed solvents, one in which the agrochemicai employed is highly soluble may be 

° The relative amount of water-immiscible solvent to hydrophobic solid agrochemicai is not specfficallyJimited 
because it varies with the combination, especially with the solubility of the agrochemicai in he solvent Inter 
alia It should be noted that the solvent must be used in a smaller amount than that necessary to dissolve the 
agrochemicai completely. Further, the amount of the solvent to be used varies with kinds of surfactants or 
other additives or the amount thereof. Generally speaking, the solvents may be employed at a rate of 20 to 
2000/0 more preferably of 30 to 120o/o, by weight to the hydrophobic solid agrochemicais used. Aggregation or 
crystal growth is often observed If the solvent is used in a smaller amount than the foregoing minimum limit, 
and on the other hand, if ft is used in a larger amount than the maximum limit, fusion Is accelerated and, 
consequently, phase separation is sometimes observed in the concentrates. ■ - " u • _ . 

The water-immiscible solvents may be added before or after the milling of the hydrophobic solid 
agrochemicais. The optimum composition may be designed according to the kinds of the agrochemicais and 
other additives or the concentrations thereof and to the desired qualities of the formulations. ^ 

Surfactants used in this Invention may be anionic, cationlc, nonionic or amphotenc. In practice sun^tfants 
used as agricultural auxiliaries may be used for this purpose. For example, anionic surfactants include fatty 
acid salts or esters such as alkylnaphthalenesulfonate, dodecylbenzenesutfonate, dialkyisulfosuccinate and 
magnesium stearate. for example; polyoxyethylene phenylphenolphosphate, polyoxyethylene phenylphenol- 
sulfate polyoxyethylene phenylphenolsulfonate, naphthalenesulfonate formaldehyde condensate, Hgninsulfo- 
nate and polyoxyalkylene block polymer sulfate, for example. Nonionic surfactants Include polyoxyalkylene 
alkyl ether, polyoxyethylenesorbitanalkylate, sorbitanalkylate, potyoxyethylenestyrenated phenyl ther, po^r- 
oxyethylene fatty acid ether, polyoxyethylene fatty acid ester and polyixyalkyiene block polymer, for example. 

Surfactants may be usually employed In an amount of 0.1 to 200/0 by weight of the final formulation, more 
preferably at 0.5 to 10 0/0, most preferably at 1 to 5o/d. . 

If desired, poiymers such as carboxymethyl cellulose, polyvinyl alcohol, polyacrylic acid or a salt thereof , 
alginic acid salt, polyvinyl pyrrolidone, gum arabic, xanthan gum, gelatin, and the like; and Inorganic .materials 
such as white carbon, talc, bentonite, clay, and the like may be employed as thickening agents to prevent said 
particles from aggregating or precipitating. Further known depressers of freezing point or suspensibHlty- 
potentiating agents including diols such as ethylene glycol or propylene glycol, for example; triols such as 
glycerol for example; inorganic salts such as sulfate, carbonate or phosphate, for example; urea; and 
polyacrylic acid oligomer may be employed in this invention. 

In order to increase stability of agrochemicais, if desired, the formulation may be ad]usted to a preferred pH 
value with inorganic or organic acids or bases. For example, sodium hydroxide, potassium hydroxide, sodium 
phosphate, mono- di-, or tri-ethanolamlne, or hydrochloric acid may be preferably employed. _ 
The present invention is explained by the following examples and experiments In more detail, which 
examples and experiments are not intended to limit the scope of the invention. 
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Into 435g o f 2 Oo/o aqueous solution (70° C) of otyoxyethylenephenylphenolphosphate was dissolved 65g I of 
3 5-diiodo-4-octanoyloxybenzonitrite and the mixture was then cooled down to 25°C while being stirred with a 
TK autohomogenizer type Mill (made by Tokushu Kika Co., Ltd.). The mixture was milled for 10 minutes by a 
wet method using a Dinomill type KDL (made by Willy A. Bachofen AG Maschlnefabrik) to give an aqueous 
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10 ingredient 



Ingredient. 



ingredient. 
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give an aqueous uspension. is0 nhorone 2.0g of polyacrylic acid, 30g of ethylene 

concentrate contains 15<Vo of the active ingredient. 
« 3.50/c aqueous so.ution (70°C, of P«W«^ 

45 15^,e^ The mixture 

4l (made hy A. Bachofen AO 

Maschinefabrik) to give an aqueous suspension. dich , orome thane. 2.0g of polyacrylic acid. 30g of 

et^^ 

suspension concentrate contains 20<ft of the active mgredient. 
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a?K5isas:!W kdl < made by w,,y A - Bachofen 

Maschinefabrik) to give an aqueous suspension hGnzene 2 0g of polyacrylic acid, 30g of ethylene 

concentrate contains 20% of the active ingredient. 
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ln 200a of 7 50/o aqueous solution (50°C) of polyoxyethylenephenylphenolphosphate was dissolved 1 185g of 
methvl isothiocyanate. Toluene (GOg). 1.3g of polyacrylic acid, 7.5g of pplyacryiic acid oligomer, and 35g of 
Slene g ^were added to the mixture and finally the necessary amount of deionised water to make the 
whole 500g i was added thereto. The resulting mixture was cooled down to25°C while being stirred.with aT.K. 
autohomogenizer type Mill (made by Tokushu Kika Co., Ltd.) to give a suspension concentrate which contains 
the active ingredient in an amount of 30%. 

E ^200 L g E of7 ^Q/o aqueous solution (50°C) of polyoxyethylenephenylphenolphosphate was dissolved 165g of 
methyl isothiocyanate. Dichloromethane (70g), 2.3g of polyacrylic acid, 75g of poiyacrylic add oligomer 30g of 
ethylene glycol, and then the necessary amount of deionised water to make the whole SOOgwere added to the 
mixture. The resulting mixture was cooled down to 25°C while being stirred with a T.K. autohomogenizer type 
Mill (made by Tokushu Kika Co., Ltd.) to give a suspension concentrate which contains the active ingredient In 
an amount of 309/0. 

n^foT7.5o/o aqueous solution (50°C) of polyoxyethylenephenylphenolphosphate was dissolved 165g of 
methyl Isothiocyanate. Xylene (65g), 2.0g of olyacrylic acid, 10g of polyacrylic acid ollgoTOr, 40g of ethylene 
glycol, and then the necessary amount of deionised water to make the whole 500g were added to the mDCture 
The resulting mixture was cooled down to 25°C while being stirred with a T.K. autohompgenizer type Mill 
(made by Tokushu Kika Co., Ltd.) to give a suspension concentrate which contains the active ingredient In an 
amount of 30%. 

n^foTlO.Oo/o aqueous solution (50°C) of polyoxyethylenephenylphenolphosphate was dissolved 220g 
of methyl isothiocyanate. Cyclohexanone (75g), 2.0g of polyacrylic acid, 15g of polyacrylic acid oligomer, 25g 
of ethylene glycol, and then the necessary amount of deionised water to make the whole 500g were added to 
the mixture. The resulting mixture was cooled down to 25°C while being stirred with a T.K. autohomogenteer 
type Mill (made by Tokushu Kika Co., Ltd.) to give a suspension concentrate which contains the active 
ingredient in a proportion of 40%. I ^ j *. 

For comparison with the formulations of the present invention, suspension concentrates- of prior type were 
prepared in the following Reference Examples. 

R T^3a!g C o E t^aqueoul suspension prepared in Example 1 were added 5.0g of polyacrylic acid, 12.0g of 
poiyacrylic acid oligomer, 72g of propylene glycol, and then the necessary amount of deionised water to make 
the whole 600g. The prepared suspension concentrate contains 6% of the active ingredient. 

R To E 300q C of ^aqueous suspension prepared in Example 1 were added 2.0g of polyacrylic acid, 40g of 
ethylene glycol, and then the necessary amount of eionised water to make the whole 450g. The prepared 
suspension concentrate contains 15% of the active ingredient. 

^henove l suspension-type pesticide formulations prepared in the Examples above were tested as to their 
physical properties and stabilities at 40° C for one month, according to the method shown below, 

(Test Method for Physical Properties) 

( %he pesticide formulations were each diluted with distilled water up to 1/300C I to 1/000 

concentration. The particle size was measured by a micron photoslzer (Micron Photoslzer SK-200OSR: made 
by Seishin Enterprise Co., Ltd.). ^ 

t2) 1 O^Sg of formulations in Examples 9-12) of a suspension-type pesticide formulation was diluted with 
hard water (20°C, hardness 3) to make the whole 250 ml. Using the resultant preparations suspensibiilty was 
measured according to the Official Testing Methods for Physical Properties of Agricultural Chemicals 
(Agricultural Chemicals Inspection Center, Ministry of Agriculture, Forestry & Fishery). 

^^rSsity of each suspension-type pesticide formulation at 20°C was measured by a capillary 
viscometer (Top Kinematic Viscosimeter: made by Sogorikagaku Glass Works Co. r Ltd.). ^ 
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As can b e see n from the foregoing Experimental data, significant aggregation or crystal growth was 
observed and also suspensibility was decreased to about 50<Vo after one month at 40° C with the reference 
formulations which represent the prior art, whereas with the formulations of the present invention, no crystal 
growth or decrease in suspensibility was observed under the same conditions as the reference examples. 

We have not only developed a method for stabilization of the foregoing agrochemical formulations, but also 
made It possible to formulate practically water-insoluble agrochemicals having meiting points lower than 
100° C which have been hard to formulate into suspensions with water or with another aqueous solvent. 

The present invention has also made possible the increase of efficacy and decrease of chemical Injury in 
field use Additionally, It provides other various advantages in practical aspects: for example, (1) low costs in 
preparing formulation because water can be used in place of both inorganic carriers and organic solvents 
which must be used as extending agents in preparing wet powders or emulsifiable concentrates, (2) safe 
spraying of the chemicals, and (3) prevention of environmental pollution. 

Included in the invention is a method of controlling weeds, fungus or pests, comprising applying to the 
weeds, fungus, pests or their locus, a herbicidaJ, fungicidal or pesticidal formulation according to the invention, 
and the use as an agrochemical of an agrochemical formulation of the nvention. The invention also includes 
formulations prepared by dilution with an aqueous medium (especially water) of concentrate formulations of 
the invention and the use and preparation of such concentrates. 



Claims 



1 . A suspension-type agrochemical formulation prepared by dispersing fine particles of a hydrophobic 
solid agrochemical in an aqueous medium, wherein the dispersion is achieved with a surfactant and, in an 
amount smaller than that necessary to dissolve the agrochemical completely, a water-immlsclble solvent 
In which said agrochemical is highly soluble. , - , ,- j H . 

2. A suspension-type agrochemical formulation as claimed in claim 1, wherein the hydrophobic solid 
agrochemical has a melting point lower than 1 00° C. 

3 A suspension-type agrochemical formulation as claimed in claim 1, wherein the . agrochemical is 
3 5-diiodo-4-octanoyloxybenzonitrile, a.a.a-trifluoro-a.e-dinitro-N.N-dipropyl-paratoiu idlne.N-butyl-N-e- 
thyl-a,a,a-trifiuoro-2,6-dinrtro-paratoluidine, 3-diethoxyphosphorylthlomethyl-6-chlorobenzoxazolone or 

methyl Isothiocyanate. . ^ i 

4 A suspension-type agrochemical formulation as claimed in any one of the preceding claims, wherein 
the water-immiscible solvent Is employed in an amount of 20 to 200<>/o by weight, more preferably of 30 to 
1 200/o by weight, based on the amount of the agrochemical. 

5. A suspension-type agrochemical formulation as claimed In any one of the preceding claims, wherein 
the water-immiscible solvent is a hydrocarbon, halohydrocarbon, aromatic hydrocarbon having a nitrogen 
atom, Ce-Ci2alkanol, ether, ketone, ester, or fatty acid. . 

6. A suspension-type agrochemical formulation as claimed in claim 5,.wherein the water-knmisclble 
solvent is dichloromethane, acetophenone, isophorone, n-octyl alcohol, benzene, toluene, or xylene. 

7. A suspension-type agrochemical formulation comprising fine particles of a hydrophobic solid 
agrochemical dispersed in an aqueous medium, the aqueous medium further containing a surfactant and, 
in an amount smaller than that necessary to dissolve the agrochemical completely, a water immiscible 
solvent In which the agrochemical is highly soluble and optionally a thickening agent, the agrochemical 
preferably being a herbicide, afungicide or an insecticide. 

8. A method for preparing a suspension-type agrochemical formulation, comprising (a) combining a 
suspension of fine particles of hydrophobic solid agrochemical in water or another aqueous medium, a 
surfactant and, in an amount smaller than that necessary to dissolve the agrochemical completely, a water 
immiscible solvent in which the agrochemical is ighly soluble, or (b) combining a hydrophobic solid 
agrochemical and, in an amount smaller than that necessary to dissolve the agrochemical completely, a 
water immiscible solvent in which the agrochemical is highly soluble, milling the agrochemical In the 
resultant mixture to fine particles and combining water or another aqueous medium and a surfactant with 
the agrochemical, the water or other aqueous medium and the surfactant each independently being 
combined with the agrochemical before and/or after it is milled, method (a) or (b) optionally further 
comprising diluting the initially obtained formulation. 

9 A method as claimed In claim 8, wherein the agrochemical is dispersed in water or another aqueous 
medium containing the surfactant, milled into fine particles and then combined with the water immiscible 
solvent. 

10. (a) A method of controlling weeds, fungus or pests, comprising applying to the weeds, fungus, pests 
or their locus a herbicidal, fungicidal or pesticidal agrochemical formulation, respectively, as defined in 
any one of claims 1 to 7 (including applying thereto a herbicidal, fungicidal or pesticidal formulation 
prepared by dilution of a concentrate formulation as defined in any one of claims 1 to 7) ; 
(b) the use as an agrochemical of a agrochemical formulation as defined in any one of claims 1 to 7 
(including a formulation prepared by dilution of a concentrate formulation as defined in any one of claims 1 
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to 7). 



CLAIMS FOR THE FOLLOWING CONTRACTING STATES: AUSTRIA AND SPAIN 

1 A method for preparing a suspension-type agrochemical formulation, comprising (a) combining a 

5 suspension of fine particles of hydrophobic solid agrochemical in water or another aqueous medium, a 

surfactant and, in an amount smaller than that necessary to dissolve the agrochemical completely a water 
immiscible solvent in which the agrochemical is highly soluble, or (b) combining a hydrophobic solid 
agrochemical and, in an amount smaller than that necessary to dissolve the agrochemical completely a 
water immiscible solvent in which the agrochemical is highly soluble, milling the agrochemical in the 
10 resultant mixture to fine particles and combining water or another aqueous medium and a surfactant with 

the agrochemical, the water or other aqueous medium and the surfactant each independently being 
combined with the agrochemical before and/or after it is milled, method (a) or (b) optionally further 
comprising diluting the initially obtained formulation. 
2 A method as claimed in claim 1, wherein the agrochemical is dispersed in water or another aqueous 
15 medium containing the surfactant, milled into fine particles and then combined with the water immiscible 

S0 3 6 A method as claimed in anyone of the preceding claims wherein the hydrophobic solid agrochemical 
has amelting point lower than 100°C. m u ■ . • 

4 A method as claimed in any one of the preceding claims wherein the agrochemical is 
20 3 S-diiodo^-octanoyloxybenzonltrile, a,a,a-trifluoro-2 t 6-dinitro-N l N-dipropyl-paratoluidine, N-butyl-N-e- 

thyl-a,a,a-trifIuoro-2,6-dinitro-parato[uidine, 3-diethoxyphosphorylthiomethyl-6-chlorobenzoxazolone or 
methylisothiocyanate. . . 

5 A method as claimed in any one of the preceding claims wherein the water-immiscible solvent is 
employed in an amount of 20 to 200°/o by weight, more preferably of 30 to 1200/o by weight, based on the 

25 amount of the agrochemical. * . 

6. A method as claimed in any one of the preceding claims wherein the water-immiscible solvent is a 
hydrocarbon, halohydrocarbon, aromatic hydrocarbon having a nitrogen atom, C6-C12 alkanol, ether, 
ketone, ester, or fatty acid. 

7. A method as claimed in claim 6 wherein the water-immiscible solvent is dichloromethane, 
30 acetophenone, isophorone, n-octyl alcohol, benzene, toluene, or xylene. 

8. A method as claimed in any one of the preceding claims wherein the average size of the fine particles 
is less than 20 urn, preferably less than 5 \irc\. 

9. A method of controlling weeds, fungus or pests, comprising applying to the weeds fungus, pests or 
their locus a herbicidal, fungicidal or pesticidal formulation which has been prepared by a method as 

35 defined in any one of claims 1 to 8 or which omprises fine particles of a hydrophobic solid agrochemical 

dispersed in an aqueous medium, the aqueous medium further containing a surfactant and, in an amount 
smaller than that necessary to dissolve the agrochemical completely, a water immiscible solvent in which 
the agrochemical is highly soluble and optionally a thickening agent. 
10-. The use as an agrochemical of an agrochemical formulation which has been prepared by a method as 

40 defined in any one of claims 1 to 8 or which comprises fine particles of a hydrophobic solid agrochemical 

dispersed in an aqueous medium, the aqueous medium further containing a surfactant and, in an amount 
smaller than that necessary to dissolve the agrochemical completely, a water immiscible solvent in which 
the agrochemical is highly soluble and optionally a thickening agent, the agrochemical preferably being a 
herbicide, a fungicide or an insecticide. 
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